Bismuth Ferrite (BFO) intercalated Montmorillonite clay (MMT) nano composites have been synthesized using ascorbic acid and its optical behavior has been investigated. The characterization of BFO-MMT nano composites has been done using FT-IR, UV-visible, X-ray diffraction (XRD), Scanning Electron Microscope (SEM). Also, electron hole recombination has been investigated by photoluminescence (PL). From the analytical techniques, it has been found BFO entered into the layered host which was proved by elongation of basal plane and therefore agglomerated BFO was formed. The particle size can be calculated by Scherrer formula, is in good agreement with SEM. The strong absorption band in UV-Visible region attributed BFO nano composites can be used for photo catalytic degradation of Rhodamine-B (Rh-B). From the electrochemical studies, BFO-MMT clay nano composites showed a good specific capacitance at a scan rate of 10 mVs −1 .
Introduction
The intercalation of new species into layered materials has great attraction in a wide range of applications [1] . The organic and inorganic guest species can easily be penetrated into the interlayer spaces of smectites to give intercalation compounds [2] . Zhaohui Han et al. [3] investigated the light absorbance and varying pore volume and pore size of CdS intercalated Laponite, Saponite, Hectorite, Montmorillonite clay (MMT). Peng Yuan et al. reported that synthesis of Fe-pillared interlayer clay samples possess good thermal stability and higher specific area with porosity [4] . The immobilization of MnS and NiS in the interlayer spaces of Montmorillonite and low luminescence intensities of MnS and NiS in Montmorillonite has been investigated by Nithima Khaorapapong et al. [5] . Also, Yasushige Mori et al. [6] have been reported that PL intensity was enhanced due to increase of particle surface area in Zinc sulphide nanoparticles suspended in Laponite XLG. The different photodecomposition behaviors of Rhodamine B on Laponite XLG and Montmorillonite have been studied by Peng Wang et al. [7] .
The enhanced textural properties have been developed in two types of clay mineral/TiO 2 composites by Bahranowski et al. [8] . The enhanced textural properties of clay mineral was compared with TiO 2 and it was found that pillared montmorillonite materials have structural organization upon composite formation. They also found that the use of dialyzed clay mineral enhances strongly the adsorption properties of montmorillonite/TiO 2 composites obtained by conventional pillaring. Particularly, the specific capacitance behavior improved for nitrogen doped porous carbon ensemble on MMT nanocomposites of 223 Fg −1 at current density of 1 Ag −1 [9] . Montmorillonite has tetrahedral and octahedral sheet arrangement with gallery space and is shown in Fig. 1 .
Bismuth ferrite (BFO) have been attracted considerable interest due to their unique optical and electrical properties, and a wide variety of potential applications for photovoltaic ferroelectric, piezoelectric, or magneto electric capabilities, as well as in spintronics [10] [11] [12] . BiFeO 3 constitutes a most important material being a semiconductor with the absorption edge in the visible region, BiFeO 3 NPs have been successfully tested in the degradation of Rhodamine B, methyl orange, methylene blue and bisphenol-A [13] [14] [15] and its capacitance properties have been improved by metal oxide doping [16] .
From the literature survey, BFO can be used for optical, magnetic, photo catalytic applications and its capacitance behavior could be improved by doping with metal oxides. Additionally, capacitance properties has been enhanced by using layered types of materials such as Montmorillonite clay, layered doubled hydroxides (LDHs) in the form of composites. These facts spur us to synthesis the BFO intercalated MMT nanocomposites and investigate their capacitance and photocatalytic behaviors (Fig. 2) .
In the present study, we report the synthesis of BFO and its intercalation into MMT clay to obtain nanocomposites of layered host of clay materials. The obtained composite was characterized using FT-IR, UV-Visible spectra, XRD and SEM analysis, PL techniques. Also, the electrochemical behavior of BFO intercalated MMT nanocomposites for capacitance was investigated using Cyclic Voltammetric (CV) studies and the photo catalytic degradation of Rhodamine-B using intercalated BFO-Montmorillonite nanocomposites have been investigated.
Experimental section

Materials and methods
Bismuth nitrate
, Ascorbic acid from Merck have been used as such without any further purification. Nitric acid and acetic acid from Merck of Analar grade reagents (A.R) were used as such and de-ionized water was used for the sample preparation.
Preparation of intercalated BFO
Bismuth nitrate and Ferric nitrate (in 1:1 molar ratio) were mixed with ascorbic acid and then add 1.2 mL of nitric acid (99.5 %). The solution was magnetically stirred at room temperature for 30 min. and the dark green colored solution was obtained. The mixture was vigorously heated until a dark brown solution was formed, then, the solution was cooled.
5 mM Fe/g clay suspension was taken and the cold BFO solution was added dropwise with constant stirring for about 24 h. where the intercalation took place [17] . The clay particles were converted into intercalated clay composites and then separated as yellow color clay composites. Then it was heated at 500
• C in Muffle furnace for 1h. to produce a brown clay.
Characterization of materials
UV-Visible absorption spectrum of the compound was recorded by using UV-Visible spectrometer (UV-1800, Shimadzu, Japan). FT-IR spectrometer of the type IR Prestige-21, Shimadzu, used to record IR spectrum using KBr pellets. The crystalline structure of BFO-MMT clay intercalated nano materials was identified by X-ray diffraction instrument (XRD, Shimadzu labX-6000). Sample morphology and size were examined using Scanning electron microscope (SEM, Jeol JSM-6390). The photoluminescence emission spectra of the samples were recorded with fluorescence spectrophotometer (PL, Horiba Jobin Yvon Flurolog-3). The cyclic voltammetric experiments were carried out with a computer-controlled electrochemical working system (CH1660C Electrochemical Analyzer) between the scan rate of 10 mVs −1 and 50 mVs −1 .
Results and discussion
FT-IR analysis
FT-IR spectroscopy of pure MMT, BFO nanoparticles and BFO intercalated nanocomposites are shown in Fig. 3 . The FT-IR spectroscopy data confirms acid activation of the clay. According to IR spectroscopic data Maria N. Timofeeva [18] reported that changes in chemical compositions in treatment with clay and leaching of Al 3+ ions in octahedral sheet by the action of HNO 3 at the concentration of 0.125 -0.5 mol/dm 3 . The OH-bending frequencies of water 1633 cm −1 shift to 1625 cm −1 and this shift may be related to the interaction of HNO 3 with Al-OH groups.
FIG. 3. FT-IR spectra of Pure Montmorillonite clay, BFO nano particles and BFO intercalated Composite
In our synthesized BFO intercalated MMT composites, the FT-IR spectral region discussed ranges from 400 -4000 cm −1 . The comparison of wave number and assignment of peaks of pure MMT clay, BFO nano particles and intercalated BFO-MMT nanocomposites were listed in Table 1 . The peak arises at 424.34 cm
for BFO intercalated MMT composites which confirm that BFO present in the MMT clay [19, 20] . The peak at 1635.69 cm −1 (due to O-H bending) does not shift and shows at 1635.64 cm −1 for BFO intercalated MMT due to absence of interaction of HNO 3 and Al-OH group of clay. The chemical composition (HNO 3 acid activation) changes in Montmorillonite clay and HNO 3 interaction with Al-OH group of clay was not takes place because of lower concentration of HNO 3 (0.04 mol/dm 3 ) for synthesis process. This has been confirmed using FT-IR spectra.
XRD analysis
X-ray diffraction patterns of Pure Na + -Montmorillonite clay and BFO intercalated MMT clay nano composites are shown in Fig. 4 (a) and (b) respectively. The XRD pattern of BFO shows pure rhombohedral perovskite structure, which are in good agreement with the powder data of JCPDS card number 86-1518 [21] . Montmorillonite clay not only shows their corresponding phase but also for quartz. The peaks 100, 101 and 110 planes corresponds to quartz and the peaks 001, 101 and 111 (2θ = 7.4, 17.65 and 19.81 respectively) for MMT [22] . Manikandan et al. reported that the noble metal intercalated clay catalysts were very effective in selective hydrogenation reactions. They also found that Na-Montmorillonite clay shifted from 2θ = 6.1
• (d spacing value of 15Å) to 1.5
• (d spacing value of 59Å). This confirms that the intercalation of BFO into clay minerals does not alter the crystal lattice structure, and hence, poor crystallinity of the nano composites [23] . Ecaterina Andronescu et al. reported that the diffraction peak of Montmorillonite clay (001 plane) shifts from 2θ = 7.23
• (basal spacing d = 12.22Å) to 6.17
The peak shifting to a lower diffraction angle is due to an increase in the clay basal spacing, which confirms the intercalation of nanoparticles in MMT interlayer spacing [24] . From the literature survey, it has been observed that in BFO-MMT clay intercalation takes place, as a result the shifting of 2θ from 7.40
• to 6.12
• . In the present work, the XRD pattern of intercalated clay-bismuth ferrite was compared with untreated Montmorillonite clay and it has been found that untreated Montmorillonite clay (001 plane) peak at 2θ = 7.40
• (basal spacing d = 11.93Å), which corresponds to the spacing of clay layers, was shifted to 2θ = 6.12
• (basal spacing d = 14.41Å), due to intercalation of BFO in between the clay platelets. In MMT-BFO composites, the 024 and 214 planes were assigned to BFO phase (JCPDS card No. 86-1518) and the plane 024 for BFO was merged with MMT and hence the plane 214 at 55.3
• was used to compute the size of BFO. Also, it has been observed that the increase in the basal spacing and the change in color of the products were caused by the intercalation of BFO and the formation of BFO in the interlayer spaces of MMT. The particle size of BFO can be estimated using the Debye Scherer formula:
where β is the full width at half maximum intensity [FWHM] corresponding to then Diffraction angle 2θ in radian, and λ is the wave length of Cu-Kα radiation [25, 26] . The average crystallite size of the BFO nano particles was found to be 47.84 nm. Figure 5 (a) and (b) shows the SEM images of MMT-clay and BFO intercalated MMT-clay respectively. The preparation and sedimentation behavior of Montmorillonite clay-magnetite particles at various pH was reported by Galindo-Gonzalez et al. [27] , suggesting that magnetic particles were well-adhered to sodium Montmorillonite clay in aqueous suspensions. The SEM images of magnetic covered clay particles at pH = 3 shows a great aggregation and at pH = 10 the coating was thinner leads to formation of less homogeneous particles. In SEM analysis, Vedhi et al. [28] found that a gradual change of uneven layered granular agglomerated clay -polymer nanocomposites to a fused well-organized layered morphology with flaky structure, predominantly due to clay mineral concentration. Figueras et al. [29] reported that the intercalation (d-space) decreases with enhancing the calcination temperature above 400
Scanning electron microscope
• C.
FIG. 5. SEM images of (a) MMT-clay (b) BFO intercalated MMT-clay
From the literature survey, it has been found that BFO-MMT nano composites only small amount of BFO intercalation takes place due to the calcination temperature at 500
• C. Also, the change of dense granular MMT clay morphology to uniform agglomerated flakes like shape of BFO due to intercalation and their crystallite size was found to be 47 nm shown in Fig. 4. 
PL spectra
PL Spectra of pure MMT, BFO nano particles and BFO intercalated nano composite is shown in Fig. 6(a) , (b) and (c) respectively. Dai et al. reported that BiFeO 3 -Graphene nano composites have improved photocatalytic activity of methyl orange and the peak was obtained at 429 nm [30] . Also Ramya et al. suggested that Montmorillonite clay peak has a maximum at 466 nm [31] . In the present studies, BFO nanoparticles and MMT shows acceptable peak range of 400 -450 nm for BFO nano particle and 420 -430 for MMT clay materials.
FIG. 6. Photoluminescence spectra of (a) Pure Montmorillonite (MMT) clay (b) Bismuth ferrite (BFO) and (c) BFO intercalated MMT nanocomposites
Yao et al. found that the optical behavior of BiFeO 3 -KNSBN tri layer thin films and suggested that the multiple band gap energies are due to the combination of band gap energy of KNSBN and BFO films and the band centered at 530 -540 nm due to the presence of oxygen vacancies [32] . The optical properties of BFO thin films have been studied at three different annealing temperatures. It has been found that the absorption shifts towards the longer wavelengths with increasing annealing temperature, suggesting that the band gap decreases with the annealing temperature. The optical band gap of the film was found to decrease from 2.67 eV to 2.57 eV with increasing temperature. Also two strong emissions around 2.53 and 2.36 eV were observed, indicating their potential applications as optoelectronic devices [33] . The PL spectrum of the pure BFO sample shows only one blue emission around 454 nm (2.73 eV) due to a self-activated center [34] . Sunil Chauhan et al. found that Mn-doped BFO samples gave two emission bands in the PL spectra [35] . The peak corresponding to 484 nm (2.56 eV) is due to blue emission band and dominant yellow-orange band is found at 570 nm (2.17 eV). The blue band emission around 484 nm in Mn doped BFO is due to a self-activated center and the shift of blue band to higher wavelength reported by Yu. X et al. owing to large crystallite size which leads to decrease in band gap. Based on this, they found the incorporation of Mn 2+ in the BFO lattice [36] . From the literature [31] it has been found for nanocomposites of the type montmorillonite/chitosan/para pheylenediamine, the peak of MMT shifted towards higher wavelength region and red shift occurs.
It has been found that in BFO-MMT nanocomposites, the band shift occurs towards higher wavelength, thus producing a red shift. A band at around 570 nm (2.16 eV) for BFO-MMT composites confirms the intercalation (doping) of BFO in clay layered host. This emission will enhance the opportunities of intercalated BFO nano particles for both further fundamental studies and nano scale optical applications.
UV-Visible spectra
UV-Visible spectra of pure Montmorillonite clay, BFO, BFO intercalated MMT nanocomposites and their Tauc's plot are shown in Fig. 7(a,b,d ) and (d) respectively. The absorption peaks of pure MMT and BFO corresponds to about 300 -320 nm and 520 -530 nm respectively and the band gap of BFO was found to be 1.75 eV.
In this present work, BFO intercalated MMT visible spectra shows a new peak at 256 nm and the band gap energy can be calculated by using Tauc's equation:
where α is the absorption coefficient, k is the effective masses associated with the valence and conduction bands, n is 2 for a direct transition and 1/2 for an indirect transition, hν is the absorption energy and E g is the band-gap energy [37] [38] [39] . The band gap energy was found by extrapolating the linear portion of (αhν) 2 against hν plot to the point α = 0 and is about 2.34eV [40] . The band gap changes from 1.75 eV to 2.34 eV and hence a prominent blue shift which may cause the reduction in particle size of BFO intercalated nanocomposites. The band gap of Ca and Ba doped BFO composites widened from 1.8 to 2.3 eV was attributed to dopant ions and hence reduction of particle size. The increase in band gap by doping significantly enhanced the photocatalytic efficiency of doped BiFeO 3 nanoparticles [41] . Thus, the band gap calculated for BFO-MMT nanocomposites coincides Fig. 8 represents the UV-Visible spectra changes of RB in BFO-MMT clay suspension under visible irradiation. It was found that aqueous RB solution in the absence of BFO-Montmorillonite clay nano composites underwent no decomposition. Further, UV-Visible spectra changes as degradation of RB in the presence of BFO-MMT suspension under visible irradiation. The hypsochromic shift of absorption peak of RB gradually takes place from 556 to 524 nm after degradation. The hypsochromic shifts of the absorption peaks were found to result from the formation of N-deethylated mechanism [7] .
FIG. 8. Photo catalytic degradation of Rh-B by BFOMMT in various time intervals
Cyclic voltammetry
The electrochemical studies confirm the capacitance behavior of nano structured materials [42] . Baby Sunitha et.al [28] reported that o-toluidine polymerized with Montmorillonite by chemical oxidation method using potassium perdisulfate shows good solubility in both DMSO and DMF and the intercalation of the polymer in between the Montmorillonite clay layers increase in the d-spacing. Further, they found greater electrocatalytic response and stability, oxygen reduction ability and high conductivity using cyclic voltammetry and impedance studies. Ramesh et al. [43] reported that the incorporation of carbon nanotube and polyaniline with layered silicate of nano clay composites showed a higher capacitance of 331 Fg −1 at the scan rate of 10 mVs −1 . Hongjuan Li et al. [44] found from the electrochemical studies that MnO 2 -pillared Ni 2+ -Fe 3+ layered double hydroxide nanocomposites exhibit large surface area and ideal capacitive behavior in neutral electrolyte and good cyclic properties.
The cyclic voltammograms of BFO-MMT nano composites have been investigated for their capacitance behavior in 1 mol L −1 NaOH at scan rate 10 -50 mVs −1 with potential range −0.35 to 0.32 V is shown in Fig. 9 . The CV studies gave anodic peak in positive and cathodic peak in negative potential directions. The specific capacitance of BFO-MMT nano composites at different scan rate of 10, 20, 30, 40 and 50 mVs −1 were 400, 262.5, 208, 169 and 155 Fg −1 respectively. At low scan rate of 10 mVs −1 , the material showed the good specific capacitance behavior due to porous layered structure and admirable electron accepting and donating behavior of montmorillonite clay. The decrease in capacitance with scan rates is attributed to the inner active sites that cannot completely proceed with the redox transitions at higher scan rates of CV and diffusion effect of proton within the electrode [45] . The decreasing trend of the capacitance suggests that the parts of the electrode surface are inaccessible at high charging-discharging rate. Hence, the specific capacitance obtained at the slowest scan rate reveals complete utilization of electrode material [46] .
FIG. 9. Cyclic voltammetry of BFO-MMT at different scan rate
The effect of varying the scan rate with increasing peak current indicates the good adherence of the BFO-MMT composites on to electrode surface. The plot of logarithm of peak current against logarithm of scan rate is shown in Fig. 10 , illustrates the current increases approximately in linear approach as described by the equation y = 0.3936x + 0.195; R 2 = 0.9582 for the anodic peak currents.
Conclusion
The BFO intercalated MMT nano composites were synthesized by intercalation using ascorbic acid as a supporter for improving capacitance behavior. The chemical composition changes of MMT clay affected by HNO 3 on clay, besides intercalation have been confirmed by FT-IR spectral studies. The intercalation of the BFO onto the clay layers, BFO crystalline size and composites, which are in nano scale, have been confirmed by XRD and SEM. The interaction between BFO and clay was confirmed by UV-Visible spectral analysis. The Tauc's plot showed the band gap of 2.34 eV supported for Photo catalytic activity Rhodamine-B dye in various time intervals. The photoluminescence peak revealed that luminescence behavior was improved and the band gap was found to be 2.16 eV. The electrochemical results confirmed the BFO-MMT nano composites had good specific capacitance of 400 Fg −1 in 1 mol L −1 NaOH solution at a scan rate 10 mVs −1 . Thus, the BFO-MMT nanocomposites can be used as a potential electrode material for capacitor applications. 
